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Abstract

The prospects for detecting trilepton events (` = e or �) from chargino-

neutralino (��1 �
0
2) associated production are investigated for Run II and Run

III at the Fermilab Tevatron Collider in the context of the minimal super-

gravity model (mSUGRA). In some regions of parameter space, ��1 and �02

decay dominantly into �nal states with � leptons and the contributions from

��leptonic decays enhance the trilepton signal substantially when soft cuts

on lepton transverse momenta are used. The dilepton (l+l�) invariant mass

distribution near the endpoint is considered as a test of mSUGRA mass re-

lations for a case with a large trilepton signal. Additional sources of the

mSUGRA trilepton signal are discussed. Discovery contours for p�p! 3`+X

at 2 TeV with an integrated luminosity of 2 fb�1 to 30 fb�1 are presented in

the mSUGRA parameter space of (m1=2; m0) for several choices of tan �.
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I. INTRODUCTION

In the near future the Main Injector (MI) of the Fermilab Tevatron Collider will run at 2

TeV center of mass energy and accumulate an integrated luminosity (L) of 2 fb�1 (Run II) or

more at each of the CDF and the D; detectors. It has been proposed to further upgrade the

Tevatron luminosity to 1033 cm�2 s�1 (Run III) to obtain an integrated luminosity L = 30

fb�1 [1,2]. Another possibility is to simply run with the MI for more years to accumulate a

higher integrated luminosity. The order of magnitude increase in luminosity beyond the 0.1

fb�1 [3,4] now available will signi�cantly improve the possibility that new physics beyond the

Standard Model (SM) could be discovered before the CERN Large Hadron Collider (LHC)

begins operation [2].

In this article we extend our recent study [5] on the prospects of detecting the trilepton

signal with missing transverse energy in the minimal supergravity model (mSUGRA) at the

upgraded Tevatron with a detailed consideration of suitable cuts to improve the trilepton

search. The primary source of trileptons is associated production of the lighter chargino (��1 )

and the second lightest neutralino (�02) with both decaying to leptons [6,7]. In mSUGRA

with gauge coupling uni�cation, the sleptons (~̀), the lighter chargino (��1 ) and the lighter

neutralinos (�01; �
0
2) are considerably less massive than the gluinos and squarks over most

of the parameter space. Because of this, the trilepton signal (3` + E/T ) is one of the most

promising channels [3,4,6,7] for supersymmetric particle searches at the Tevatron. The

background from SM processes can be greatly reduced with suitable cuts.

A supersymmetry (SUSY) between fermions and bosons provides a natural explanation

of the Higgs mechanism for electroweak symmetry breaking (EWSB) in the framework of

a grand uni�ed theory (GUT). For the particle content of the minimal supersymmetric

standard model (MSSM) [8], the evolution of gauge couplings by renormalization group

equations (RGEs) [9] is consistent with a grand uni�ed scale at MGUT � 2� 1016 GeV and

an e�ective SUSY mass scale in the range MZ < MSUSY
<� 10 TeV [10]. With a large top

quark Yukawa coupling (Yt) to a Higgs boson at the GUT scale, radiative corrections drive
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the corresponding Higgs boson mass squared parameter negative, spontaneously breaking

the electroweak symmetry and naturally explaining the origin of the electroweak scale.

In SUGRA models [11], supersymmetry is broken in a hidden sector with SUSY breaking

communicated to the observable sector through gravitational interactions, leading naturally

but not necessarily [12] to a common scalar mass (m0), a common gaugino mass (m1=2),

a common trilinear coupling (A0) and a common bilinear coupling (B0) at the GUT scale.

Through minimization of the Higgs potential, theB coupling parameter of the superpotential

and the magnitude of the Higgs mixing parameter � are related to the ratio of Higgs-

�eld vacuum expectation values (VEVs) (tan � � v2=v1) and to the mass of the Z boson

(MZ). The SUSY particle masses and couplings at the weak scale can be predicted by the

evolution of RGEs from the uni�cation scale [13,14]. In our analysis we assume universal

boundary conditions at MGUT with a common gaugino mass m1=2 and a common scalar

mass m0 to study the production cross section and decay branching fractions of ��1 and

�02. Non-universal boundary conditions among sfermion masses can make m~� larger than

m~̀(` = e; �). For m1=2 = 200 GeV and tan � <� 25, this non-universality signi�cantly

enhances the trilepton signal when 50 GeV <� m0
<� 130 GeV [15].

We evaluate SUSY mass spectra and couplings in the minimal supergravity model in

terms of four parameters: m0, m1=2, A0 and tan�, along with the sign of the Higgs mixing

parameter �. The value of A0 does not signi�cantly a�ect our analysis, therefore, we take

A0 = 0 in our calculations. The mass matrix of the charginos in the basis of the weak

eigenstates ( ~W�, ~H�) has the following form

MC =

0
BB@

M2

p
2MW sin�

p
2MW cos � �

1
CCA : (1)

Since this mass matrix is not symmetric, its diagonalization requires two matrices [8]. The

sign of the � contribution in Eq. (1) establishes our sign convention for �, which is equivalent

to the ISAJET convention [16].

In Figure 1, we present the masses of the lightest neutralino (�01), the second lightest
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neutralino (�02), the lighter chargino ��1 , the scalar electrons ~eL and ~eR, the lighter tau

slepton (~�1), and the lighter bottom squark ~b1 at the mass scale of MZ, and the mass of

the lighter CP-even Higgs scalar (h0) at the scale Q =
p
m~tL

m~tR
[17,18], versus m0, with

MSUSY = 1 TeV, m1=2 = 200 GeV and � > 0 for (a) tan � = 2 and (b) tan� = 35. To a

good approximation, the mass of the lightest chargino m��
1
� m�0

2
is about twice m�0

1
. Also

shown in Fig. 1 are the regions that do not satisfy the following theoretical requirements:

electroweak symmetry breaking (EWSB), tachyon free, and the lightest neutralino as the

lightest SUSY particle (LSP). The region excluded by the m�+
1

<� 90 GeV limit from the

chargino search [19,20] at LEP 2 is indicated. There are several interesting aspects to note

in Fig. 1:

(i) An increase in tan � leads to a larger mh but a slight reduction in m�0
1
, m��

1
, and a large

reduction of m~�1 and m~b1
.

(ii) Increasing m0 raises the masses of scalar fermions signi�cantly.

(iii) In most of the mSUGRA parameter space, the weak-scale gaugino masses are related

to the universal gaugino mass parameter m1=2 by

m�0
1
� 0:44m1=2; and

m��
1
� m�0

2
� 0:84m1=2: (2)

Consequently, the trilepton channel could provide valuable information about the value of

m1=2.

The masses of ��1 and �02 to the leading order inM
2
W=(�

2�M2
2 ) can be expressed as [21]

m��
1
=M2 � M2

W (M2 + � sin 2�)

�2 �M2
2 + 2M2

W

;

m�0
2
=M2 � M2

W (M2 + � sin 2�)

�2 �M2
2

(3)

We �nd that M2 and j�j can be empirically expressed in GeV units as a function of the

GUT scale masses m1=2, m0 and cos 2� as

M2 = 0:851m1=2 + 0:00244m0 � 2:20;
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j�j = am1=2 + b cos 2� + c;

a = 2:34 � 0:153(m0=100 GeV) + [1:10� 0:141(m0=100 GeV)] cos 2�;

b = 1:787m0 � 167:5;

c = 1:909m0 � 178:7: (4)

for 100 GeV <� m0;m1=2
<� 1000 GeV and all tan� for which perturbative RGE solutions

exist. These mass formulas for M2, ��, �02, and j�j hold to an accuracy of <� 2%, 4%, 4%,

and 8%, respectively.

The Yukawa couplings of the bottom quark (b) and the tau lepton (� ) are proportional

to tan � and are thus greatly enhanced when tan � is large. In SUSY GUTS, the masses

of the third generation sfermions are consequently very sensitive to the value of tan �. As

tan � increases, the lighter tau slepton (~�1) and the lighter bottom squark (~b1) become lighter

than charginos and neutralinos while other sleptons and squarks remain heavy. Then, ��1

and �02 can dominantly decay into �nal states with tau leptons via real or virtual ~�1. While

the contributions from these decays reduce the trilepton signal when hard cuts are used to

suppress the backgrounds [7,23], they also open new discovery channels via the soft leptons

from � decays [5].

One way to detect � leptons is through their one prong and three prong hadronic decays.

The CDF and the D; collaborations are currently investigating the e�ciencies for detecting
these modes and for implementing a � trigger [22]. It has been suggested that the � leptons

in the �nal state may be a promising way to search for ��1 �
0
2 production at the Tevatron if

excellent � identi�cation becomes feasible [23{25].

Another way of exploiting the � signals, that we consider in this article, is to include the

soft electrons and muons from leptonic � decays by employing softer but realistic pT cuts

on the leptons than conventionally used [7]. We �nd that this can signi�cantly improve the

trilepton signal from ��1 �
0
2 production [5].

Recent measurements of the b! s decay rate by the CLEO [26] and LEP collaborations

[27] place constraints on the parameter space of the minimal supergravity model [28]. It was
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found that b! s excludes most of the minimal supergravity (mSUGRA) parameter space

when tan� is large (tan � >� 10) and � < 0 [28]. Therefore, we consider only � > 0 in our

analysis when tan � � 10.

In section II we discuss the p�p ! ��1 �
0
2 + X cross section and the decay branching

fractions of ��1 and �02. The acceptance cuts for the signal and background are discussed

in Section III. We present trilepton cross section from additional SUSY sources in Section

IV. When the sleptons (~̀) and the sneutrinos (~�) are light, they also contribute to the

trilepton signal via production of ~̀~̀ and ~̀~�. These contributions are at interesting levels

when m0
<� 150 GeV and tan � >� 20. The discovery potential of the trilepton search at the

upgraded Tevatron is presented in Section V, with 3� signi�cance contours for observation

or exclusion and 5� signi�cance contours for discovery. Section VI discusses the end point

reconstruction at the Run III for invariant mass distribution of l+l� from the �02 decays.

Our conclusions are given in Section VII.

II. ASSOCIATED PRODUCTION OF CHARGINO AND NEUTRALINO

In hadron collisions the associated production of the lighter chargino and the second

lightest neutralino occurs via quark-antiquark annihilation in the s-channel through a virtual

W boson (q�q0 ! W�� ! ��1 �
0
2) and in the t and u-channels through squark (~q) exchanges.

Figure 2 shows the Feynman diagrams of q�q0 ! ��1 �
0
2. The p�p ! ��1 �

0
2 + X cross section

depends mainly on masses of the chargino (m��
1
) and the neutralino (m�0

2
). For squarks

much heavier than the gauginos, the s-channel W -resonance amplitude dominates. If the

squarks are light, a destructive interference between the W boson and the squark exchange

amplitudes can suppress the cross section by as much as 40% compared to the s-channel

contribution alone. For larger squark masses, the e�ect of negative interference is reduced.

Feynman diagrams of the chargino and neutralino decays into �nal states of leptons

and neutrinos and the LSP are shown in Figure 3: (a) ��1 ! `��01 or ���
0
1 and (b) �02 !

`+`��01 or �+���01. Figure 4 presents the branching fractions of �02 versus tan �, with
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m1=2 = 200 GeV and several values of m0 for both � > 0 and � < 0. For tan � <� 5, the

branching fractions are sensitive to the sign of �.

For � > 0, and tan� � 2, we observe that the dominant decays are:

m0
<� 50 GeV: ��1 ! ~�L` and ~�1�,

�02 ! ~̀
R`, ~�1� and ~�L� ;

60 GeV <� m0
<� 110 GeV: ��1 ! ~�1�,

�02 ! ~̀
R` and ~�1� , (�02 ! ~�L� suppressed);

120 GeV <� m0
<� 170 GeV: ��1 �

0
2 ! 3`+ E/T via virtual ~̀;

m0
>� 180 GeV: ��1 ; �

0
2 ! q�q�01.

For � < 0 and tan � � 2, the dominant decays are:

m0
<� 100 GeV: ��1 ! ~�L`,

�02 ! ~�L�;

m0
>� 110 GeV: ��1 ! ~�1�,

�02 ! �01h
0.

For m0 � 200 GeV, �02 dominantly decays (i) into � ���01 for 25 <� tan� <� 40, (ii) into

� ~�1 for tan� >� 40. For m0
<� 300 GeV and large tan � >� 35, both ~�1 and ~b1 can be

lighter than other sfermions, and ��1 and �02 can decay dominantly into �nal states with �

leptons or b quarks via virtual or real ~�1 and ~b1. For m0
>� 400 GeV and 5 <� tan� <� 40,

B(�02 ! �+���01) � B(�02 ! e+e��01) � 2%

Figure 5 shows the cross section �(p�p ! ��1 �
0
2 ! 3` + X) at

p
s = 2 TeV, which is

the product �(p�p ! ��1 �
0
2 +X)� B(��1 ! `��01)� B(�02 ! `+`��01), versus tan � without

acceptance cuts , with m1=2 = 200 GeV and several values of m0 for both � > 0 and � < 0.

For tan � <� 5, the branching fractions are sensitive to the sign of �. For � < 0 and tan � � 2,

(a) with m0 = 100 GeV, B(�02! ~��) = 0:71 and B(�02 ! h0�01) = 0:19, some trileptons are

due to �02 ! ~̀
R` and ~�1� . (b) with m0 = 200 GeV, B(�02 ! h0�01) = 0:99 and consequently

the trilepton rate drops sharply.
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III. ACCEPTANCE CUTS

In this section we present results from simulations with an event generator and a simple

calorimeter including our acceptance cuts. The ISAJET 7.40 event generator program [16] is

employed to calculate the 3`+ E/T signal from ��1 �
0
2 and the dominant backgrounds fromWZ

and t�t at the upgraded Tevatron. A calorimeter with segmentation ����� = 0:1�(2�=24)

extending to j�j = 4 is used. An energy resolution of 0:7p
E
for the hadronic calorimeter and

0:15p
E
for the electromagnetic calorimeter is assumed. Jets are de�ned to be hadron clusters

with ET > 15 GeV in a cone with �R =
p
��2 +��2 = 0:7. Leptons with pT > 5 GeV

and within j�`j < 2:0 are considered to be isolated if the hadronic scalar ET in a cone with

�R = 0:4 about the lepton is smaller than 2 GeV.

The trilepton signal from charginos and neutralinos at the Tevatron has dominant back-

grounds come from WZ and t�t production. Most backgrounds from the SM processes can

be removed with the following three cuts:

1. We require that there must be 3 isolated leptons in each event1 with pT > 5 GeV and

j�`j < 2:0 and that the hadronic scalar ET in a cone with �R = 0:4 around the lepton

should be smaller than 2 GeV. This isolation cut remove background from b�b and c�c

decays.

2. We require E/T > 25 GeV in each event to remove backgrounds from SM processes

such as Drell-Yan dilepton production, where an accompanying jet may fake a lepton.

3. To reduce the background from WZ production, we require that the invariant mass

of any opposite-sign dilepton pair not reconstruct the Z mass: jM(`+`�)�MZj � 10

GeV. This cut reduces most of the WZ background.

The surviving total background after these two cuts is mainly due to WZ events, where

Z ! � �� , with subsequent � -leptonic decays.

1The events with 4 isolated leptons are considered as the 4-lepton signals in our analysis.
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Figure 6 presents the transverse momentum (pT ) distribution of the three leptons at

p
s = 2 TeV, for p�p ! 3` + X with � > 0, tan � = 10, m1=2 = 200 GeV and m0 = 100

GeV, The pT distribution for the dominant background from p�p ! W�Z ! 3` + X via

Z ! �+�� ! l+l� +X is shown in Figure 7. We label the trileptons as `1;2;3, where ` = e

or �, according to the ordering pT (`1) > pT (`2) > pT (`3) of their transverse momenta. The

most important lesson that we learn from Fig. 6 and Fig. 7 is that most `3's from the ���02

decays have smaller pT than the `3's from W�Z decays. Therefore, it is very important to

have a soft acceptance cut on pT (`3) to retain the trilepton events from ��1 �
0
2 decays.

Our acceptance cuts are chosen to be consistent with the experimental cuts proposed for

Run II [29] at the Tevatron as follows:

pT (`1) > 11 GeV; pT (`2) > 7 GeV; pT (`3) > 5 GeV;

j�(`1; `2; `3)j < 2:0;

at least one ` with pT (`) > 11 GeV; and j�(`)j < 1:0;

E/T > 25 GeV;

jM(`�̀)�MZj � 10 GeV: (5)

The surviving total background cross section from WZ, t�t and ZZ is about 0.58 fb. This

residual background is mainly due toWZ production with Z ! � �� and subsequent � leptonic

decays. The E/T cut removes backgrounds from Drell-Yan dilepton production, where an

accompanying jet may fake a lepton. Our background cross sections from WZ and ZZ are

in good agreement with the CDF Run II studies [30]. The t�t background in our analysis

is larger than that found in Ref. [30]. This di�erence in the t�t background calculations

suggests that the CDF detector simulations are more e�cient in making isolation cuts than

the ISAJET calorimeter.

The e�ect of cuts on the signal and background is demonstrated in Table I. The trileptons

are due to ��1 �
0
2 production and the additional SUSY particle sources that are discussed in

the next section. The cross sections of the signal with m1=2 = 200 GeV, m0 = 100 GeV,

and several values of tan �, along with WZ, t�t and ZZ backgrounds are presented for four
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cases: (a) Soft Cuts, (b) Soft Cuts and Jet Veto; here we veto events with any jet that has

ET > 15 GeV, (c) Hard Cuts and (d) Hard Cuts and Jet Veto [7]. We note that (i) the

soft cuts enhance the signal by about a factor of two for 3 <� tan � <� 25; (ii) the inclusive

trilepton signal cross section is about twice that of the clean trilepton signal without jets.

At Run II with 2 fb�1 integrated luminosity, we expect about one event per experiment

from the background cross section of 0.58 fb. The signal cross section must yield a minimum

of four signal events for discovery. The Poisson probability for the SM background to

uctuate to this level is less than 0:4%. At Run III with L = 30 fb�1, we would expect

about 17 background events; a 5� signal would be 21 events corresponding to a signal cross

section of 0.70 fb, and a 3� signal would be 12 events corresponding to a signal cross section

of 0.42 fb

IV. ADDITIONAL SOURCES OF TRILEPTONS

In addition to the associated production of ��1 �
0
2, there are other SUSY contributions to

the trilepton signature.

1. If the sleptons and sneutrinos are light, they can make important contribution to the

trilepton signal from production of ~̀~� and ~̀~̀, along with a small contribution from

~�~�.

2. When the charginos (��1;2), and the neutralinos (�02;3;4) are not too heavy, they con-

tribute to the trilepton signal via �02�
0
2, �

0
2�

0
3, �

0
3�

0
4, �

�
1 �

0
3, �

�
2 �

0
3, and �

�
2 �

0
4 production.

3. When the gluino (~g), the squarks (~q), and the neutralinos (�02;3;4) are not too heavy,

they also contribute to the trilepton signal via the production of ~g�02;3 and ~q�02;3.

4. The production of ~g~g and ~q~q also make small contributions to trileptons.

For m0
>� 500 GeV and m1=2

<� 300 GeV, the associated production of ��1 �
0
2, contributes

at least 95% of the trilepton signal. For m0
<� 150 and tan � >� 20, production of ~̀~� and
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~̀~̀ can enhance the trilepton cross section and may yield observable signals at Run III. We

summarize the contributions to trileptons from various relevant channels for � > 0 in Table

II and for � < 0 in Table III.

We separately consider the events with 4 isolated leptons. For tan � <� 10, m1=2
<� 200

GeV, and m0
<� 100 GeV, the production of p�p ! �02�

0
2 ! 4` +X may be observable with

an integrated luminosity L >� 10 fb�1. We apply the following acceptance cuts for the 4`

signal: (i) the hadronic scalar ET < 2:0 GeV in a cone with �R = 0:4, (ii) pT (`1; `2; `3; `4) >

11; 7; 5; 5 GeV, (iii) j�(`)j < 2:0, (iv) at least one lepton with pT > 11 GeV and j�j < 1:0,

and (v) E/T > 25 GeV. The p�p! �02�
0
2 ! 4`+X cross section after cuts is 0.79 fb and 0.24

fb for tan � = 3 and 10, respectively, with m1=2 = 200 GeV and m0 = 100 GeV. The cross

section of the dominant background p�p ! ZZ ! 4` +X is 0.17 fb. The cross sections of

the 4` signal with m1=2 = 200 GeV, m0 = 100 GeV, and several values of tan �, along with

the ZZ background are presented in Table IV.

V. DISCOVERY POTENTIAL AT THE TEVATRON

The cross sections for the trilepton signal and the background after cuts are shown in

Figure 8 versus m1=2 with several values of m0 for both � > 0 and � < 0 with tan � = 2.

With L = 2 fb�1 and m1=2 = 200 GeV, the trilepton signal may be observable for m0
<� 350

GeV and m0
>� 700 GeV with � > 0 and for m0

<� 150 GeV with � < 0.

Figures 9 shows the cross sections of the trilepton signal and background after cuts versus

m1=2 with several values of m0, and � > 0 for tan� = 10 and tan � = 35. With L = 2

fb�1 and m1=2 = 200 GeV, the trilepton signal may be observable for m0
<� 350 GeV with

tan � � 10.

For 180 GeV <� m0
<� 400 GeV and 10 <� tan � <� 40, the �02 decays dominantly into q�q�01

and in these regions it will be di�cult to establish a supersymmetry signal.

To assess the overall discovery potential of the upgraded Tevatron, we present the 99%

C.L. (Run II) and 5� (Run III) discovery contours and the 3� observation contour for Run
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III in Figure 10 for p�p! 3`+X at
p
s = 2 TeV, with soft acceptance cuts [Eq. (5)], in the

parameter space of (m1=2;m0), with tan � = 2, for (a) � > 0 and (b) � < 0. We include all

SUSY sources of trileptons for the signal. Also shown are the parts of the parameter space

(i) excluded by theoretical requirements, or (ii) excluded by the chargino search at LEP 2.

Figure 11 shows the 99% C.L. (Run II) and 5� (Run III) discovery contours and the 3�

observation contour for Run III for p�p ! 3` +X in the parameter space of (m1=2;m0) for

tan � = 10 and tan� = 35. All SUSY sources of trileptons are included.

We calculate cross sections for the signals and the backgrounds with tree level amplitudes.

However, we expect that our couclusions and discovery contours will be valid after QCD

radiative corrections are included. Recent studies found that QCD corrections enhance the

signal cross section of p�p ! ��1 �
0
2+X by about 10-30% for 300 GeV >� m�+

1

>� 70 GeV [31].

QCD corrections also enhance the cross section of the dominant background p�p!W�Z+X

by about 30% [32].

VI. MASS RECONSTRUCTION

If the two-body decay �02 ! ~̀
R` ! `+`� + �01 is kinematically allowed, it may be

possible to test a predicted mass relation [33{35] among m�0
2
, m~lR

and m�0
1
, with a large

integrated luminosity L � 30 fb�1. To demonstrate this interesting possibility, we consider

the following parameters: m1=2 = 200 GeV, m0 = 100 GeV, A0 = 0, tan � = 3 and � > 0.

We evaluate masses and couplings of SUSY particles at the weak scale with renormalization

group equations and obtain m�0
2
= 143 GeV, m~eR = 133 GeV m�0

1
= 76:0 and � = 318. The

corresponding trilepton cross section after cuts �(p�p! ��1 �
0
2 ! 3l + E/) = 11.1 fb, gives a

promising signal with 333 events for L = 30 fb�1.

We consider the subtracted dilepton invariant mass distribution [33] de�ned as

d�

dM

�����
ll

=
d�

dM

�����
e+e�

+
d�

dM

�����
�+��

� d�

dM

�����
e+��

� d�

dM

�����
e��+

: (6)

The subtractions remove the lepton pairs with one lepton coming from ��1 and another
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coming from �02. This mass distribution has a sharp edge (endpoint) that appears near the

kinematic limit for this decay sequence, i.e.,

MMAX
`` =M�0

2

vuut1� M2
~̀

M2

�0
2

vuut1 �
M2

�0
1

M2
~̀

� 45 GeV: (7)

Figure 12 shows the subtracted invariant mass distribution for two leptons with opposite

signs (l+l�) from p�p! ��1 �
0
2 ! 3` +X at

p
s = 2 TeV, with � > 0, tan� = 3, m1=2 = 200

GeV, and m0 = 100 GeV. This distribution may allow a test of the mSUGRA mass relations

in this optimal case with a high cross section, provided that a large luminosity accumation

is obtained.

VII. CONCLUSIONS

In most of the mSUGRA parameter space, ��1 �
0
2 production is the dominant source of

trileptons. For m0
<� 150 and tan � >� 20, production of ~̀~� and ~̀~̀ can enhance the trilepton

signal and may yield observable rates at Run III in region of parameter space that are

otherwise inaccessible.

In some regions of the mSUGRA parameter space, the ��1 and the �02 decay dominantly

to �nal states with � leptons. The subsequent leptonic decays of these � leptons contribute

importantly to the trilepton signal from ��1 �
0
2 associated production. With soft but realistic

lepton pT acceptance cuts, these � ! ` contributions enhance the trilepton signal by at least

a factor of two. The branching fractions of ��1 and �02 decays into � leptons are dominant

when the universal scalar mass m0 is less than about 200 GeV and/or tan� >� 40.

The Tevatron trilepton searches are most sensitive to the region of mSUGRA parameter

space with m0
<� 100 GeV and tan � <� 10.

� For m0 � 100 GeV and tan � � 3, the trilepton signal should be detectable with 99%

C.L. (i) at the MI if m1=2
<� 260 GeV and (ii) at the Run III if m1=2

<� 290 GeV.

� For m0 � 150 GeV and tan � � 35, the trilepton signal should be detectable at the

Run III if m1=2
<� 170 GeV.

13



� For m0
>� 500 GeV and tan � � 35, the trilepton signal should be detectable at the

Run III if m1=2
<� 200 GeV.

A di�cult region for trileptons from ��1 �
0
2 production is 180 GeV <� m0

<� 400 GeV with

10 <� tan � <� 35, because for these parameters ��1 and �02 dominantly decay into q�q0�01.

For tan � <� 10, m1=2
<� 200 GeV, and m0

<� 100 GeV, the production of p�p ! �02�
0
2 !

4` +X at
p
s = 2 TeV may be observable with an integrated luminosity L >� 10 fb�1. The

background from p�p! ZZ ! 4` +X is very small.
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TABLES

TABLE I. The cross section of p�p ! 3` + X in fb versus tan � for m1=2 = 200 GeV and

m0 = 100 GeV along with the trilepton cross sections of the backgrounds from WZ, t�t, and ZZ at

the upgraded Tevatron with cuts on isolation, missing ET andM`+`� : ET (cone) < 2 GeV, E/T > 25

GeV, and jM`` �MZ j > 10 GeV as well as soft and hard cuts: (a) Soft Cuts: pT (`1) > 11 GeV,

pT (`2) > 7 GeV, pT (`3) > 5 GeV, j�(`1; `2; `3)j < 2.0, and at least one lepton with pT (`) > 11 GeV

and j�(`)j < 1.0; (b) Soft Cuts and Jet-Veto(JV): we veto events with any jet that has ET > 15

GeV; (c) Hard Cuts: pT (`1) > 20 GeV, pT (`2) > 15 GeV, pT (`3) > 10 GeV, j�(`1; `2; `3)j < 2.5;

(d) Hard Cuts and Jet-Veto (JV).

Case n tan� 3 10 20 25 WZ t�t ZZ

(a) Soft Cuts 13.5 3.62 1.17 0.73 0.40 0.14 0.04

(b) Soft Cuts +JV 7.3 1.74 0.44 0.29 0.24 0.002 0.01

(c) Hard Cuts 6.2 1.51 0.41 0.27 0.28 0.02 0.02

(d) Hard Cuts +JV 3.2 0.66 0.16 0.11 0.17 0.001 0.003
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TABLE II. The cross section of p�p! 3`+X in fb versus tan� with contributions from various

relevant SUSY channels at
p
s = 2 TeV with the acceptance cuts described in Eq. 5, for � > 0,

m1=2 = 200 GeV, tan� = 2; 10; 20 and 35 (25 for m0 = 100 GeV).

Channel n tan� 2 10 20 35(25)

(i) m0 = 100 GeV

Total 14.30 3.62 1.17 0.73

��1 �
0
2 11.87 2.42 0.54 0.20

~̀~� 0.96 0.47 0.23 0.16

~̀~̀ 0.49 0.23 0.16 0.18

�02�
0
2, �

0
2�

0
3, �

0
3�

0
4, 0.42 0.20 0.10 0.06

��1 �
0
3;4, �

�
2 �

0
3;4 �

�
1 �

�
2 , �

�
2 �

�
2 0.05 0.10 0.06 0.07

~g�02;3, ~q�
0
2;3,~g~g, ~q~q,~�~� 0.51 0.20 0.08 0.06

(ii) m0 = 200 GeV

Total 3.34 0.35 0.29 0.40

��1 �
0
2 3.09 0.26 0.19 0.24

~̀~� 0.12 0.03 0.04 0.04

~̀~̀ 0.02 0.01 0.01 0.01

�02�
0
2, �

0
2�

0
3, �

0
3�

0
4, 0.02 0.02 0.01 0.03

��1 �
0
3;4, �

�
2 �

0
3;4 �

�
1 �

�
2 , �

�
2 �

�
2 0.01 0.01 0.02 0.03

~g�02;3, ~q�
0
2;3,~g~g, ~q~q,~�~� 0.08 0.02 0.02 0.05

(iii) m0 = 500 GeV

Total 0.46 0.62 0.68 0.69

��1 �
0
2 0.46 0.57 0.67 0.66

�02�
0
2, �

0
2�

0
3, �

0
3�

0
4, { 0.01 { 0.01

��1 �
0
3;4, �

�
2 �

0
3;4 �

�
1 �

�
2 , �

�
2 �

�
2 { 0.03 0.01 0.01

~g�02;3, ~q�
0
2;3,~g~g, ~q~q,~�~� { 0.01 { 0.01
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TABLE III. The cross section (in fb) of p�p ! 3` + X at
p
s = 2 TeV versus tan� with the

acceptance cuts described in Eq. 5 and contributions from various SUSY channels for � < 0,

m1=2 = 160 GeV, tan� = 2 and several choices of m0.

Channel nm0 (GeV) 100 200 500 1000

Total 7.00 4.86 1.68 1.20

��1 �
0
2 5.55 4.03 1.64 1.18

~̀~� 0.11 0.11 { {

~̀~̀ 0.12 0.05 { {

�02�
0
2, �

0
2�

0
3, �

0
3�

0
4, 0.20 0.14 0.01 {

��1 �
0
3;4, �

�
2 �

0
3;4 �

�
1 �

�
2 , �

�
2 �

�
2 0.08 0.03 0.08 {

~g�02;3, ~q�
0
2;3,~g~g, ~q~q,~�~� 0.94 0.49 0.03 0.02

TABLE IV. The cross section of p�p! �02�
0
2 ! 4` +X in fb versus tan� for m1=2 = 200 GeV

and m0 = 100 GeV along with the 4-lepton cross section of the background from WZ and ZZ,

at the upgraded Tevatron with soft cuts: ET (cone) < 2 GeV, pT (`1) > 11 GeV, pT (`2) > 7 GeV,

pT (`3; `4) > 5 GeV, j�(`)j< 2.0, at least one lepton with pT (`) > 11 GeV, and j�(`)j< 1.0.

Case n tan� 3 10 20 25 ZZ

Soft Cuts 0.79 0.21 0.11 0.08 0.17
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FIGURES

FIG. 1. Masses of �01, �
0
2, �

�
1 , ~eL, ~eR, ~�1 and ~b1 at the MZ mass scale and mass of h0 at the

mass scale Q = p
m~tL

m~tR
, versus m0, with MSUSY = 1 TeV, m1=2 = 200 GeV and � > 0 for

(a) tan� = 2 and (b) tan� = 35. The shaded regions are excluded by theoretical requirements

(EWSB, tachyons, LSP),
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FIG. 2. Feynman diagrams of q�q0 ! ���02.
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FIG. 3. Feynman diagrams of (a) ��1 ! `��01 or ���01 and (b) �02 ! `+`��01 or �+���01.
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FIG. 4. Branching fractions of �02 decays into various channels versus tan� with m1=2 = 200

GeV, for (a) � > 0 and m0 = 100 GeV, (b) � > 0 and m0 = 200 GeV, (c) � < 0 and m0 = 100

GeV, and (d) � < 0 and m0 = 200 GeV.
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FIG. 5. Cross section of p�p! ��1 �
0
2 ! 3`+X at

p
s = 2 TeV without cuts versus tan�, with

m1=2 = 200 GeV and several values of m0 for (a) � > 0 and (b) � < 0.
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FIG. 6. Transverse momentum (pT ) distribution of p�p ! ��1 �
0
2 ! 3` + X at

p
s = 2 TeV

with � > 0, tan� = 3, m1=2 = 200GeV and m0 = 100 GeV, for the three leptons with

pT (`1) > pT (`2) > pT (`3).
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FIG. 7. Transverse momentum (pT ) distribution of the dominant background from the associ-

ated WZ production, p�p! W�Z ! 3`+X , via Z ! �+�� ! l+l� +X , at
p
s = 2 TeV, for the

three leptons with pT (`1) > pT (`2) > pT (`3).
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FIG. 8. Cross section of p�p! ��1 �
0
2 ! 3`+X at

p
s = 2 TeV, with soft acceptance cuts (Eq.

5), versus m1=2, with tan� = 2, m0 = 100 GeV (solid), 200 GeV (dot-dash), 500 GeV (dash) and

1000 GeV (dot). for (a) � > 0 and (b) � < 0, Also noted are the cross sections for (i) 4 signal

events with L = 2 fb�1 (dot), (ii) 5 � signal for L = 8 fb�1 (dash) and (iii) 5 � signal for L = 30

fb�1 (dot-dash). The chargino mass evaluated with m0 = 500 GeV is presented as well.
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FIG. 9. Cross section of p�p! ��1 �
0
2 ! 3`+X at

p
s = 2 TeV, with soft acceptance cuts (Eq.

5), versus m1=2, with � > 0, m0 = 100 GeV (solid), 200 GeV (dot-dash), 500 GeV (dash) and 1000

GeV (dot), for (a) tan� = 10 and (b) tan� = 35, Also noted are the cross sections for (i) 4 signal

events with L = 2 fb�1 (dot), (ii) 5 � signal for L = 8 fb�1 (dash) and (iii) 5 � signal for L = 30

fb�1 (dot-dash). The chargino mass evaluated with m0 = 500 GeV is presented as well.
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FIG. 10. Discovery contours at 99% C.L. (Run II) and 5� (Run III) for p�p! ��1 �
0
2 ! 3`+X at

p
s = 2 TeV, with soft acceptance cuts (Eq. 5), in the parameter space of (m1=2; m0), with tan � =

2, for (a) � > 0 and (b) � < 0. All SUSY sources of trileptons are included. The shaded regions

denote the parts of the parameter space (i) excluded by theoretical requirements, or (ii) excluded

by the chargino search at LEP 2.
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FIG. 11. Discovery contours at 99% C.L. (Run II) and 5� (Run III) for p�p! 3`+X at
p
s = 2

TeV, with soft acceptance cuts (Eq. 5), in the parameter space of (m1=2; m0), with � > 0, for (a)

tan� = 10 and (b) tan� = 35. All SUSY sources of trileptons are included. The shaded regions

denote the parts of the parameter space (i) excluded by theoretical requirements, or (ii) excluded

by the chargino search at LEP 2.
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FIG. 12. The subtracted invariant mass distribution for two leptons with opposite signs (l+l�)

as de�ned in Eq. 6, for p�p! ��1 �
0
2 ! 3`+X at

p
s = 2 TeV, with � > 0, tan� = 3, m1=2 = 200

GeV, and m0 = 100 GeV.
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